Purpose: This study was performed to assess potential improvements in clinical outcomes when applying recent advanced hip arthroplasty surgical techniques and understand the potential relationship between bone mineral density (BMD) and surgical outcomes. Materials and Methods: Among 37 cases of periprosthetic femoral fractures after hip arthroplasty treated between March 2014 and September 2016, all included a follow-up of at least one year and were included in this study. Outcomes were evaluated using the Beals and Tower's criteria. BMD was examined in 27 of 37 cases and the relationship between osteoporosis and treatment outcomes was analyzed. Advanced hip arthroplasty surgical approaches varied depending on the fracture type: i) open reduction with wiring for Vancouver A, ii) open reduction with double plate fixation for Vancouver B1, iii) revision THA with long stem for Vancouver B1-Nonunion, B2 and B3, and iv) open reduction with double plate fixation for Vancouver C. Results: When assessed using the Beals and Tower's criteria, 33 out of 37 (89.2%) patients were excellent and 4 (10.8%) were poor. These outcomes were an improvement compared with series I (81.8%). When analyzed according to the Vancouver classification, patients with type A (n=8), type B1 (n=16), and type B2 (n=2) were all excellent, the patients with type B3 were excellent (n=1) and poor (n=1), and the patients with type C were excellent (n=6) and poor (n=3). The mean BMD was -2.6 (T-score) in 27 of 37 cases and -4.4 in 4 cases with poor prognosis. Osteoporosis was statistically correlated to those classified as poor by Beals and Tower.
INTRODUCTION
The prevalence of periprosthetic femoral fractures after total hip arthroplasty (THA) continues to rise with an aging populations and ranges between 1.7% and 3.8% 1) . Periprosthetic femoral fracture is one common causes of revision THA after osteolysis and recurrent dislocation. Periprosthetic femoral fracture is most frequently caused by minor trauma such as a fall, but does occur, although rarely, in the absence of trauma, implying that this condition may be associated with poor bone quality making it susceptible to fractures 2-4) . Rigid fixation for periprosthetic femoral fractures with screws and plates is challenging due to interference of a preexisting femoral stem, osteoporotic bone quality and others, and fracture healing is difficult to achieve because of cortex thinning because of stress shielding, osteolysis and others 5) . For the treatment of periprosthetic femoral fractures after hip arthroplasty, many authors apply clinical guidelines according to the Vancouver classification. In 2010, the authors of this study achieved excellent or good radiological results in 84.4% of patients using Beals and Tower's criteria by reviewing the clinical outcomes of 32 cases with periprosthetic femoral fracture according to the management algorithm of the Vancouver classification 6) . In a previous study by these authors, clinical results were poor in Vancouver type B1 and C fractures, and we concluded that; i) rigid fixation using double plates instead of single-plate fixation is warranted for type B1 and C fractures where internal fixation is challenging and ii) the insertion of bone cement may improve the prognosis of Vancouver type C fractures associated with osteoporosis 6) . In the past, stem loosening was the most common risk factor for periprosthetic femoral fractures with the use of cemented stems in THA. However, a recent trend toward increased use of uncemented stems has decreased the rate of stem loosening, and instead the rate of systemic diseases such as osteoporosis has risen along with the increased incidence of periprosthetic femoral fracture with age 7) . In response to such changes and the results of author's previous study, modification of clinical practice guidelines for Vancouver fracture types is warranted. This study aims to analyze the surgical results of the new treatment principles and to explore the effect of osteoporosis on clinical outcomes.
MATERIALS AND METHODS
This study was performed following an approval from the institutional review board and involved a total of 37 patients (37 hips) who received treatment for a periprosthetic femoral fracture after THA from March 2014 to September 2016 with a minimum follow-up of one year. Periprosthetic femoral fractures were classified according to the Vancouver system 8, 9) , and the mean onset period of a fracture following THA was 7 years 3 months (range, 15 days-30 years). The mean age of patients at the time of fracture was 75 years (range, 43-90 years). Sixteen patients were male and 21 were female. The average follow-up period was 25 months (range, 12-42 months). The type of femoral stem used was cemented in 7 cases (4 in primary THA and 3 in revision THA) and uncemented in 30 cases (26 in primary THA Values are presented as number only or median (range). and 4 in revision THA). The causes of fractures, a history of femoral head fracture and characteristics were analyzed using medical records. Local assumed risk factors for fractures (e.g., bone defect or stem loosening), were evaluated using pre-and post-fracture radiographs. As seen in Table 1 , fractures were caused by a fall or minor trauma (n=34) or non-traumatic event (n=3). Femoral stem type usage by Vancouver classification is as follows: 8 type A (7 uncemented and 1 cemented), 13 type B1 (12 uncemented and 1 cemented stems), 2 type B2 (2 uncemented stems), 2 type B3 (1 uncemented and 1 cemented stems) and 9 type C (6 uncemented and 3 cemented stems). Although not described in the Vancouver classification, we included 3 cases experiencing nonunion without stem loosening after surgical management of Vancouver type B1 fractures (hereinafter referred to as "B1-nonunion"). (Table 2) .
Clinical results were evaluated using the Beals and Tower's criteria (e.g., implant stability, fracture healing and onset of complications) until fracture union throughout the 10-month follow-up period)
3) and are presented in Table 3 . Fracture union was defined radiologically (anteroposterior and lateral) as the time of callus formation and capacity for weight-bearing without pain. Stem stability was determined based on the appearance of radiolucent lines around the stem, and subsidence and loosening were examined 10) . Bone mineral density (BMD) was examined in 27 of 37 cases within the first 6 weeks following surgery. Dual-energy x-ray absorptiometry (LUNAR BX-1L; GE Medical Systems, WI, Madison, USA) was used to determine BMD at the femoral neck and trochanter. The T-score was used to compare BMD with the maximum BMD of the healthy population.
Osteoporosis was defined based on the WHO criteria 11) . Statistical analyses were performed with SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). The chi-square and Fisher's exact tests were used to test the correlation between osteoporosis diagnosed based on BMD T-scores of less than -2.5 and radiological findings assessed with Beals and Tower's criteria. P-values were considered significant at P<0.05.
RESULTS
Using Beals and Tower's criteria, radiological results were deemed excellent in 33 (89.2%) and poor in 4 (10.8%) of 37 patients. The risk factors for periprosthetic femoral fracture were a history of revision THA (n=7 cases; 3 treated with cemented stems and 4 with uncemented stems), a history of internal fixation using plates and screws (n=3), osteolysis (n=2) and cortical defect (n=2), and osteoporosis (n=11). The average time to fracture healing 24 weeks (range, 17-39 weeks) after surgery. Revision THA was performed in 1 case with nonunion at 30 months postoperatively.
Clinical results were excellent in all 8 cases with Vancouver type A fractures and there were no instances of stem loosening, nonunion or osteolysis during mid-and longterm follow-up. All 13 cases with Vancouver type B1 fractures showed excellent outcomes, and no instances of metal failure or nonunion were detected at short-, midand long-term follow-up (Fig. 1) . Two of 3 patients with type B1-nonunion fractures were referred to our hospital due to nonunion during a follow-up of more than 6 months after internal fixation using single plate for management of periprosthetic femoral fractures from other hospitals. These two patients underwent revision THA with a long stem and wire after removal of preexisting plates and showed excellent results during mid-and long-term follow-up. The other patient with a type B1-nonunion fracture showed nonunion at 5 months follow-up despite revision THA using a long stem, and underwent another revision THA with the use of a longer stem with a larger diameter, wire and cortical allograft. Fracture union was achieved without stem loosening at two-year follow-up in this patient (Fig.  2 ). Both patients with Vancouver type B2 fractures had excellent outcomes without stem subsidence or loosening at a mid-and long-term follow-up of more than 2 years. Of the 2 cases with a type B3 fracture, clinical results were excellent in 1 and poor in 1. A patient achieved an excellent result without stem loosening 18 months after revision THA using a long stem for treatment of a fracture due to a fall after primary THA using a cemented stem. The other B3 fracture patient with a poor outcome had osteoporosis (T-score of -3.2 at the time of primary THA) and stem loosening 20 years after primary surgery with an uncemented stem, and then underwent revision THA using a long stem and wire due to a fracture after a fall. Since delayed union was observed at the 30-month followup, revision THA with a long stem was performed. A type B1 fracture occurred 14 days after revision due to reinjury, and fracture union was obtained 12 months after double-plate fixation. Of the 9 cases with a Vancouver type C fracture, clinical results were excellent in 6 and poor in 3. No cases of nonunion or metal failure were observed in the 6 excellent cases (Fig. 3) . Of the 3 cases with poor results, a patient with osteoporosis (T-score of -3.2) underwent revision surgery using double plates long enough to cover the full length of the femur due to a new fracture at the distal plate of the femoral shaft at the 1-month follow-up after fixation using double plates and cables, and achieved excellent results at the 18-month follow-up. Another patient with a poor outcome in the treatment of a Vancouver type C fracture received internal fixation with plates due to nonunion and metal failure observed at the 2-month followup after double-plate fixation; excellent results were observed The other patient with a type C fracture associated with osteoporosis (T-score of -5.4) underwent blade-plate internal fixation due to a new fracture occurred at the distal portion of the femoral stem 2 weeks after insertion of bone cement and internal fixation using double plates and cables; excellent outcomes were observed 24 months after revision surgery (Fig. 4 , Table 4 ).
BMD T-scores were assessed in 27 out of 37 patients and the mean was -2.6. Of these 27 patients, the T-score breakdowns were: i) normal (-2.0 or above) in 10, ii) osteopenia (-2.0 to -2.5) in 6, and iii) osteoporosis (-2.5 or below). Of interest, the average T-score was -3.6 in the 9 patients with type C fractures and all had osteopenia or osteoporosis. According to radiological results evaluated with Beals and Tower's criteria, the mean T-score was -4.4 in those with a poor prognosis (n=4), and -2.3 in those with a good prognosis (n=23). Osteoporosis was statistically correlated to patients characterized as poor using the Beals and Tower's criteria (P<0.05) (Table 5) .
DISSCUSSION
Risk factors for periprosthetic femoral fracture are relate to weak bone quality, systemic factors (e.g., old age and osteoporosis) and local factors (e.g., osteolysis and stem loosening) 12) . In this study, of the 37 patients, 40.7% had osteoporosis and 22.2% had osteopenia, and 18.9% had a history of revision surgery due to aseptic loosening and other causes. The leading cause of fractures was minor trauma (91.9%). Based on these findings, we have inferred that mild traumatic injury (e.g., a fall) can induce a fracture in patients experiencing bone weakness. In the past, stem loosening was the most common risk factor for periprosthetic femoral fractures with the use of cemented stems in THA. However, a recent trend toward increased use of uncemented stems has decreased the rate of stem loosening, and instead the rate of systemic diseases (e.g., osteoporosis) has risen along with the increased incidence of periprosthetic femoral fracture with age 7) . In the authors' previous study, 28% of patients had stem loosening prior to periprosthetic femoral fracture, but here, stem loosening was reduced to 14% while the incidence of osteoporosis increased to 40.7%. With recent advances in the stability of uncemented stems, the use of uncemented stem fixation has increased leading to more frequent periprosthetic femoral fractures. Compared to the authors' previous study, the use of cemented stem has dramatically declined from 50% to 19%.
The treatment goals of any periprosthetic femoral fracture include, but are not limited to, properly aligned union, stem stability, recovery of pre-fracture functional mobility, and early mobilization 5) . The incidences of nonunion and stem loosening are high due to osteoporosis, absorption of the femoral head, cortical defect, local bone defect of the femoral head and others. The rate of refracture after internal fixation is high due to stress concentration factors (e.g., screw holes, plate ends, and local bone defects of the femoral head) 6) . The standard treatment for type B1 fractures are accurate reduction and rigid internal fixation, but internal fixation can be challenging in older patients with weakened bone quality due to absorption of the femoral head, cortical defect and local bone defect of the femoral head.
Moreta et al. 10) obtained excellent or good clinical outcomes in 21 (87.5%) of 24 cases with Vancouver type B1 fractures and poor results in the other 3 cases after performing open reduction and internal fixation (ORIF) using a plate and cerclage wires. In these authors' previous study, satisfactory results were achieved in 17 of 20 (85.0%) cases with type B1 fractures using cerclage wiring alone or plate internal fixation combined with cerclage wiring 6) . The current study applied new treatment principles to 13 cases with Vancouver type B1 and excellent results were achieved in all 13 cases (100%) after internal fixation using double plates and ORIF using cables in the lateral and anterior parts of the femoral head. Better surgical outcomes appear to be attributable to the greater number of screws used in double-plate fixation and greater stability with rigid fixation of the lateral and anterior parts of the femoral head in older patients with poor bone quality. In a biomechanics study, Wilson et al. 13) concluded that an insignificant difference was found in bone strength and stability between double-plate fixation and fixation with a plate combined with cortical bone allograft. When nonunion occurs after surgical treatment of type B1 fractures, revision surgery is done after primary fixation with plates and cables. In this procedure, previously implanted screws and plates should be removed which increases the risk of reduced fracture healing as bone quality becomes poor at the screw insertion sites and the nonunion fracture site. Additionally, decreased femoral head blood flow is associated with injuries to the soft tissue and periosteum from the previous surgery. A revision ORIF using plates is expected to increase the risk of nonunion and stem loosening. Thus, revision THA for Vancouver type B1 fractures is thought to be more helpful in preventing complications such as stem loosening, nonunion or refracture and providing postoperative stability of the prosthetic components. Although type B1 fractures of cemented stems are classified radiographically as type B1 fractures, this fracture is more likely to experience stem loosening during surgery and should be treated with revision THA by classifying it as a type B2 fracture. Therefore, the stability of the stem should be confirmed when using cemented stems.
A variety of revision stems are used to manage B2 and B3 factures, but distal fixation using extensively porouscoated stems is preferred and several authors have achieved successful results 14) . Since type B3 fractures have severe bone loss in the proximal femur due to osteoporosis, osteolysis and compound fracture, surgical treatment can be more challenging in the periprosthetic fracture group. Based on surgeon's experience and fracture pattern, rigid fixation of the stem should be carried out using bone cement, autogenous graft and impaction allograft.
The standard treatment for type C fractures is ORIF. Moreta et al. 10) documented excellent or good clinical results in 3 out of 5 cases (60%) and poor results in the remaining 2 cases of type C fractures using ORIF. In these authors' previous study, metal failure occurred in 1 of 2 cases with type C fractures and this patient was treated with doubleplate fixation and autologous bone grafting 6) . Type C fractures are significantly associated with osteoporosis. In this study, when BMD was assessed, 7 of 9 patients with type C fractures had osteopenia or osteoporosis (T-score range, -2.1 to -5.4). Based on these authors' experiences, efforts should be undertaken to achieve rigid fixation with the overlap of the proximal plate and the stem by using a plate long enough to cover the full length of the femur and insertion of cortical screws as many as possible particularly in patients with type C fractures associated with osteoporosis due to weak bones, in order to minimize the risk of postoperative refracture.
CONCLUSION
Here we see that applying new hip THA treatment principles led to superior results when compared with the results of these authors' previous study. The following surgical approaches according to Vancouver types are thought to be helpful: i) internal fixation using double plates (instead of a single plate) for a type B1 fracture, ii) revision THA for a type B1 nonunion, and iii) internal fixation using a longer plate in combination of insertion of bone cement, if necessary, for a type C fracture associated with osteoporosis. For the treatment of periprosthetic femoral fractures following THA, appropriate surgical intervention should be chosen according to the Vancouver classification. In addition, osteoporosis is considered to be a major prognostic factor for the outcomes of surgical treatment.
